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RUBIDIUM~-STRONTIUM MEASUREMENTS ON BOSUMTWI‘ CRATER GLASSES AND-

-  IVORY' COAST TEKTITES

- A Rb-5r isotopic study of 5 glasses from the Bosumtwi crater
in Ghana and of three Ivory éoast tektites was made, The sr87/5r86
ratios for the glas?es lie between 0.716 and 0.734 and those for the
tektites betwéen 0.721 and 0.726. The ratios of.ﬁb/sf are between.
0.196 and 0.328 for the crater glasses and betweeh 0.197 and 0.287
for the tektités. The_lvory Coast tektites lie in a region of the
Sr evolution diagram which is distinctly lower than for the other
tektites groups, (ref. 1) . The Bosumtwi_glasses define an approxi-
mately linear array omn the Sr evolution diagfam which contains the
Ivory Coast tek}itevpoints. These resﬁlts show that the Ivory Coast
" tektites are distinctive from othé: tektite occurences and suggest

that the glasses and the tektites may represent fusion products of

similar material.

The Bosumtwi crater of Ghana lies in pre-Cambrian rocks,
a large part of which is definitely older than 1.9 billion years
(ref.2). These rocks are divided into three groups: "Tarkwaian"

sedimentarylrock (quartzite), Birrimian\sedimentéry.and metamor-
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phous rock (greywacke,Aphyllite, sléte), and granite whose age.
lies between that of the sedimenﬁary rocks (ref.3). The forma-
tidn of the crater itsélf dates from the Pleistocene and is ex-
plained as a gigantic explosidn; As cause of this explosion;
Mcclaren sﬁggested alfeédy in 1931 the impéct of a meteorite (ref.
4). Indiqétionsvof this are shatter cones in quartzite outcrop-
pings at the quumiwi crater (ref. 5) énd the highcompression
mineral "coesite" in a tuff-liké breccia of the crater (ref..6).
Ref. 8 determined low rubidium-zirconium raﬁios}for two glasses
‘"found in the brécéia of the crater which suggested to ref. 7 that
they are not volcanic glasses. Ref. 9 found iron;titanium ores in
these glasses, by means of direct-light microscopy, which indicate,
as "thermometer minerals",. higher formation tempexatures than oc--

cur in the usual volcanic processes (greater than 1500°C).

Ref. 10 was the firs; to point out that the-Bosﬁmtwi event
might have prodﬁéed the Ivory;Coast tekﬁites found at a distance
of 300 kilometers from the crater. These téktites a%e found in
eérly Pleistocene sedimentary rock. Ref. é determined the potas-
sium-argon age of the Bosuthi;glasses’as 1.3+/-0.3 million years
which demonstrated that' the Bosumtwi evgnt'is coincident with the
origin.of the Ivory Coast tektites (ref. 1l). =Comparison.of the
pétaésium—zirconium, rubidium-zi:éqniﬁm, nickel-iron anﬁ thomiuﬁ—

nickel ratios in the glasses and in- an ivory coast tektite are also



compatible with this hypothesis (ref 8).

Excursions by Gentner et al. in 1963 and.Chao in 1964 fur=-
s oacd amounts of crater glass permitting more detailed measurements

(ref. 12).

Gentner et al. demonstrated with the aid of roentgen fluo-
rescence'that the Ivory Cbastttektite'investigated by them had an
appreciably smaller tubidium—étfontium ratio (0.20) than other
tektites (ref. 1) where these ratios lie betWeen 1.1 and 0.44. Their
lmeasurements further showed that the rubldum/strontlum ratlos of
the two crater glasses were also low and almost 1dentlca1 with that

' of the tektite for one of the glasses. This raises the gquestion
whether this concordance exists’ for other Ivory-Coast tektites and
whather the Sr87/Sr86 isotope-ratibs also indicate an interrelation .
'of crater glass and tektites. If we assume. that the crater glasses
are actually quion products of pre-Cambrian rocks whose age did not,
differ_greatly,ithen this should be“reflécted in the Sr87/Sr86.ratios
pravided the,rubidium/strontium ratios of thé original focks were
different. The increase of radioactive Sr87 during.the last 1.3 mil-

‘lion years .is, however, too small for these specimens to be measured.

For the purpose of answering these questions, we obtained
from Gentner (Max-Planck Institute_fér Nuclear Physics, Heidelberg)

' two specimens of glass from the Buonim and Ata valley of the crater
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and from Chao (US Geological Survey, Washingtoﬂ) a different spe-
" cimen of_glass'from‘the Ata river together with three specimens of
Ivory-Coast tektites as well as & specimen of clay slate from the

regioﬁ of the chter. The tektites were‘designated as 364, 764 and

1064, the crater glass with BCC 8864, and the slate with BCC 964.
" EXPERIMENTATION

We determined the rubidim and strontium content of these
specimens as well as the"Sr87/Sr86 ratios with theAisOtope-dilution_

method by utilizing Rb87 and/oxr sr84 84

"spike". When using Sr
spike, content and isotope composition can be measured simultaneous-
ly )ref. 13). The measurements were_carfied_out with a.ﬁo—cm
single~-focussing mass spectrometer. Ion detection was made with_the

 electrOn multiplier. The heatihg-coil material was oxidized tantalum.

. For the most important épecimens, the isotope composition was_deter—

mined fqrther from a fraction of the non—spiked'solution in a sépéra;
te experiment. All results are standardized for Sr 8678r88=0.ll94.

‘Determination of rubidium and strontium content iS»accurate within.

86 ratiQS are accurate within less than

less than 2% and the Sr87/Sr
2 parts in 700. All specimens'were first washed in dilute hydro-

chloric acid and subsequently dissolved with perchloric and hydro-

" fluoric acid. The "spike" was then added and the solution evaporated.

Separation of rubidium and strontium was made with an ion-exchange

—



gqiumn. Blank tests resulted in 5 aﬁd/or 1l x 10-9.g strontium

and rubidiuﬁ. Even in the specimens with low amount and low
content, the measurgd aﬁount was_500‘£imes greater than in the

blank test.'In'order to make our valués4coﬁparable to those of

othér laboratories, sea—waté; spécimens from tﬁe North Atlantic

were measured. We obtained 0.7074 and 0.7086 whereas the meah
value.of.;ef. 14 was 0.7093'+/—'0.0005,‘i.e. our values are‘slightly

/

below this mean wvalue.

(D () :
- B s | 1 | mow
Probe waage (Sr““) . Sr ! Rb , SoeE
,. c ' )
mg appmix?mg key:
Buonim A 172 |o327 | 236 | 78,0 ° 0970 | . _ .
0,7330 ¢ a = specimen
Buonim B 31 {07252 | 104 | 26,1 - 0,726 : ,
32 10,7249 | 101 | 28,7 | 0,824 : - .
BuonimC | 101 |07165 | 4720 9.6 | 0587 |- b = weight
Buonim GG | 2120 0,7335 ; 243 | 70,8 | 0,951 o : .
i - — c = Ivory-Coast tektite
Ata A 173 [0,7168 | 340 ! 64,7 | 0,538 Y
: 0,7165 ¢ ! ‘ :
Ata B 196 | 0,7187 | 197 | 38,0 ° 0,572 d = clay slate
AtaCI 275 | 0,7154 | 349 | 64,5 0,534 _ _
It 244 |0,7152 | 353 | 65,3 , ' 0,535
EKT3641 | 135 |07222 ' 305 | 60,4 | 0,673 .
4 ¥ 10,7225 ¢ g :
(<) IL| 1207 07219 300 ' 50,1 i 0,570 :
EKT7641 | 121 [0,7260 257 | 73,0 | 0,833 .
0,7257 ¢ | ] :
IL| 57 |07247 | 252 | 734 | 0842
{EKT10641| 77 [0,7221 296 ! 38,4 = 0,573
: 0,7210 ¢ : 1
1 ' i
. ‘ :
. \Tonschiefer | 1038 |0,7028 | 323 ; 223 ' 0,124
( 4}, er I 3 ; : J

Table 1 - Rubidium-Strontium -
measurement on Bosumtwi glasses’
and Ivory-Coast tektites.
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The findings will be found in.tableAl and fig. l. Fig. 1l is
a rubidium-strontium evolution diagram (ref.-ls to 17). Specimené
of the same age and same original.strontium composition lie on a'
straight line if they have formed a closed system for rubidium

and Sr. The slope of this straight line is a scale for the age of
: . 86 _

~

the specimens and the intersection with the Sr87/Sr axis furnishes
the origﬁnal isotope ratio. Fig. 1 further contains two data on

Ivory-Coast tektite published in ref. 18.

“oreo}f kC. 7 d
orsl a = Buonim glass
o730+ / b = Ata glas's
gor 00T : c = tektite
5/ 5 otz 12%10% — - :
: - (k d = Bosumtwi slate
anst : S woue e (Ba o
/ lgﬂummmfgg A e = tektite (ref.l1l8)
0.710 29%10% R * Tentit (3:::;!5;) ‘e') .
2,39 %107 1 .
0,705 - s .
RAMNT o YIS
87 -
. Sogs

Fig.-l - The strontium-isotope
composition of Ivory-Coast tek-
tites and Bosumtwi glasses.



- | SPECIMENS

Specimen Buonim-A consisted of a powder (diameter 0.1 mm)
"obtained by crushlng of several pieces of glass with centimeter
dimensions and screening out the ‘desired fractlon. Any contamina-
tion'with non-glassy material was carefully avoided. The'measurements
furnishéé"236 ppm Sr and 79bppm Rb. The Rb value is appreciably ‘
lower than that of 125 ppm found by Gentner et al. From the new
value, there follon a rubidium/zirconium ratio of 0.51 which is now
directly compatible with the'fubidiﬁm/zirconiuﬁlvalues for Ata
~glass and Ivory Coast tektite (0.45 and 0.39). 1In order to ex-
clude any possible doubt on the true rubidium content, we‘took
a new piece of Buonim glass welghlng 2 g which was washed 1n
diluted acid and dlssolved (BGG). We obtained 80 ppm of rubidium
ahd 243 ppm of stfontium. From polished sections of the non—prqces—
fsed Buonim;glass/ we found that another rare glaséy component.
exists in the Bgonim glass. We therefore attempted separation by
specifié gravity and found two secondary ¢omponents'in this rock,
péWder: a‘heavier‘component.(Buonim-é) and about l%-wgt of a

lighter component (Buonim-C) at -about 10%.

By crushing another piece of the glass and subsequent gravity
séparation, we4confirmed that this different'glass actually was a

part of the Buonim glass and not an impurity. These rate glasses



.
furnish léwer rubidium and strontiﬁm values and also other rubi-
dium/strontium ratios (factor 1.6). This shows that the Buonim
.glass on small scale is not homogeneous.

Specimeh AgaFA consisted of a coarse (diameter 1 mm) powder
of brown;éreen‘glass which had been obtained by removing glassy
inclusidnS'with éentimeter dimensions froﬁ the barent breccia.
With heavy solutions, it was posSibie to separate from this a

less heavy and lighter fraction: Ata-B.-

,Specimen Ata-C is the specimen of -brown glass found by Chao
elsewhere in the Ata valley which we separated under the micros-
cope carefully from nonglassy material. It was shown that,this

glass has almost the same rubidium and strontium content as speci-

ment Ata-A.

The tektite tests were made by'dividing the solutions into
two aliquots invorder to determine separately concentration and
composition from one and only the composition from the othe; (I).
.An additional piece of the specimeﬁs'3é4 and 764 was dissolved

and the entire solution spiked (IIO.
EVAPORATION EXPERIMENT

Of interest in connection with tektite formation is. the
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quéstioh on thé extent to which the'rubidiUm/Strontium ratio
changes undér melting and evaporation of silicate material. Seve-
ral ‘authors (ref. 19-21) had experiméhtally investigated the
evaporation of glkalié under vacuum and!under atmospheric pres-
sure. We -carried out a'briéﬁ vacuun experiment. We melted 5.6 g

of a microclinic crystal with 558 ppm rubidium and 95.5 ppm stron-
tium and then increased the temperatufe to about 2000°C. The eva-
_ porated material was collected by meéns of a quartz cylinder pro-
jecting above the crucible. The first experiment furnished 510

ug rubidium and, compared to the blank test of this experiment,

no strontium (0.5 ug).

The second test on the‘same mgterial4fﬁrniéhed 190ug of
rubidium and again no stronfium. Themelted material weighed 4.3
g and had a rubiaium content of 523 ppm and an Sr céntént of
93.8 ppm. Whereas the initial material had a rubidium=strontium
ratio of 5.84, ,the melt had a value of only 5.58. Both evaporates g
must héve had rubidium/strontium rétios which were gréatér than
1160 and/or 442. The experiment ihaicates that preferential. eva-
poration . of rubidium makes a possible isochrone of the melted
material steeper. However; this presupposes that the samevper-
centage of rubidium is lost everywhere. - On the other hand, 'an

isochrone of the evaporates would be flatter.
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DISCUSSION.

The strontium-isotope composition of a specimen can be of
value if the origin of the material is to be determined. However,
: ‘ ; ,
the conclusions drawn from this are not necessarily valid as was

shown iﬁ-&é. 22 for éarbon._

We restrict our discussion of this-question here to the Bosumt-
.wi glasses and Ivory-Coast tektites. It touches, however,also

on the results in other tektites obtained by ref. 1.

The Ivory-Coast tektites show a considerable enrichment

(3%) of.srS’

as compared with a large number of eruptive rock and
the initial content of granites during_ﬁhe 1ést two billion wvears
(ref.23,24). Preliminary findings in ref. 25 on specimehs of ob-
sidian ‘show a rather wide rahge for the Sr87/S£86 ratio but this
quésfion has not yet been clarified. Valueé arbund10.725 appé—
réﬁtly,lie outside of the range found for the initial ratios

of eruptive rock whiéh has absorbed no cfust materiél of high-age
or of high rubidium/strontium ratio  (time x Rb/Srf. As demonstrated
earlier in ref. 1, such a ratio is definitely different from that
-in‘rock meteorites although a mixture of chondritic and "normal®
terresfrial material could have produced such raﬁios..We‘there—

fore conclude from our measurements that the crater glasses and

‘the tektites are fusion products of terrestrial crust material
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produced by meteorite iméact. The possibility that this fusion
process is of volcanic ofigin appears improbable after the dis-
cOvery'of coesite in one of the crater breccia (ref.6) because’
-1t is presently believed that coesite gnd compression sutures
(ref. 5) occur dhly in meteorite impacts. |

A slate specimen from the crater region was measured in or-
der to determine whether i£ may have been the original material
for the glasses. However;'the Sr87/Sr86 ratio (0.7028) was de-
finitely too low. This slate could ﬁave been the origin of the
crater glasses»or tektites only if partial melting of aAradioac-
tive phase of the rock hadvplayed an important role. A detailed
search for other possibkble initial maﬁerials Within the Bosumtwi
areé is urgently necessary.

If the crater glasses and thé tektites were ;hé result of
complete melting’éf parts of ohe rock or -of parts.of a“cbgenetié'
sequence of rocis, then the measured finding s.should define a -
'straight line in the strontium evolutionvdiagram which established
the age of these rocks but not the péint‘in time of the tektite and
glass formation. However, since én appreciable fraétioning of the
elements may have taken place,'the findings can be interpreter only

with difficulty on the basis of the rubidium-strontium evolution

aiagram and plotting a stréight line through the points by the com-



- 12:_
pensation method may beAVery misleading {ref.” 1). Let us assume
that the Ivory-Coast tektites originated through com?lete fusion
of several phases of a number of cQgenetic rocks, i.e. without
fractioning of_;ubidium and strontium, %e then can state within
the limi? of error ofAthe analysis that their age should lie
between.b.8 and 1.8 billion years. From the findings in ref. 18
this wagiestimated as .2 x 10° years. On the basis of the same as-
sﬁmptions, a range between 2.4 to 3.2.billion years follows for
the crater glasses; Since the points for.the Ata glass lie with-
in the range defined by the Qarious Buonim glasses, ﬁhe above as;
sumption seems satisfied fqr these two glass finds. However, it
should be noted that any possible isochrone through the poin£54of
the crater_glasées has a very low intersecﬁion with thé Sr87/

Sr86

axis, e.g. 0.696 for the'straight‘line in the diagram.

This wvalue is coﬁparable with thét forlachondrites and suggests

.;hat a chemical process has influenced the gradient of the "iso-

chrones". e |
Determination of age on post-Birrimian granites and Pegma-

tites and mode; ages of‘galena from the Ivory Coast and Ghana

9

furnished a minimum age of 1.9 x 10° years for the Birrimian se-

diment (ref. 2,26,27). On the othef‘hand,.the Tarkwaian sedimenté
‘are said to be younger. Although a special examination of age of

‘the Bosumtwi rocks has not yet been made, we may conclude that
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our limits of the strontium-model age of the cratér_giasses are
icomp;tible with the regional ages of the Bosumtwi ro¢ks; This
demonstrates that these_glasses»Were not formed by any apprecia-
ble admixture of young lava with high fubidium/sﬁrontium ratio
to fused older-pre—Cambrian rocks.

Tﬁé occurrence of different fractions of density in.the same
specimen of the Buonim glass indicates, together with the éppre—

86 6

and of the Rb87/Sr8 ratio, that

ciable Variation of the Sr87/Sr
no homogeneization took place in the.formatiqn of the glass, not
'even on a sﬁall scale (less than 1 cm). On the other hand, the

material was very well degassed (ref. 8). Examination should be

made in any case whether such isotopic inhomogeneities occur also

within an individual Ivory-Coast fektite.

The crater glasses and tektites lie in an qpproximately
linear arrang?ment in the strontium evolution diagram. All Rbg?/
Sr86 values are lower than the tektite findings of ref. 12 (mini¥
. mum factor 1.5) and indicate that the Ivory-Coast tektites are
different from other tektites not only intheir ‘potassium-argon
ageAbut also in regard to the rubidium-strentium factors. Since
the scatter of the findings fromld;fferent specimens lies; however, .

outside of the experimental error, we cannot cornclude that these

materials satisfy the prereguisites of a rubidium-strcontium



isochrone. Eowever, the result suggests that a genetic relation

exists between the craterAglasses'and'the Ivory-Coast tektites.

The tektites may well be fusion products of the same material
as thelglassesi If the‘glasses remainéd closed rubidium—strbntium
systems\during fusion and if the tektites were derived from
similaf.initial‘substances; we rmust then assume fractiocning of
rubidium and strontium in order to explain the deviation-of the
tektite results from the "isochrone" of the glésses. Accord-
ingly, it is noﬁ possible to arrive at moré exact conclusions from
our measurements in fegard to therriginAof the Ivory-Coast tek-
ties. However, it has been confirmed that~an.appreciable simi-
larity exist between the rubidium-strontium relations of the two

types of glass.

We are indebted to Professor Gentner and Df.‘Chao for fur-

nishing us the material of the specimens and for the discussion

of pertinent questions.

The Study was supported by the National Aeronautics and
.Space Administration (NGR-05-002-028). and a contribution of the

National Science Foundation.
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